Abstract
The dynamics of actin treadmilling, which leads growth in filament size, depends on the of filament elongation is known to be controlled by many regulators such as profilin, ADF (actin depolymerizing factor), CAP (cyclase associated protein), capping, and coronin (1, 2, 15) . Uncommonly, in some species (ex. Xenopus laevis), Arp2/3 is 1 1 9 required to form an extensive branched organization of actin filaments in (36). This attached to ATP) (10, 38) and helps releasing Pi from the penultimate ADP_Pi_Actin (ATP_Actin, ADP_Pi_Actin, and ADP_Actin) in an actin filament at a time (10). The and releases ADP_Actin molecules (10). In addition, ADF/cofilin imposes the strain at 1 3 2 the pointed end of the filament and helps depolymerizing actin monomers in the form of bind at pointed and barbed ends respectively and abort treadmilling process (41) and 1 3 7 dislodge FH from the barbed end (26, 30, 40) .
It has been shown in-vitro that the actin treadmilling can be performed even in the 1 3 9 absence of regulators (26). However, the regulators are thought to be required for the 1 4 0 tight and precise control of actin treadmill. and the cross-talk among the regulators are not well understood. In this regard, we In this model, we only aim to explore a single treadmill in a cell at a time. In order to be synthesized at basal rate. All regulators and actin monomers (free, ADP-attached,
and ATP-attached) were assumed were assumed to degrade at a constant rate. The actin monomers attached to CAP, profilin, and ADF were not assumed to degrade because of their transient presence and fast inter-conversion. Degradation of Actin
Degradation of ATP_Actin
Degradation of ADP_Actin data to uniquely determine all the parameter values. Therefore, the relative sense of some parameter values has been estimated from previous studies (7, 10, 19-2 6 7 25) and rest are estimated to fit the kinetics. Despite rapid nucleation and elongation in "FH (+)" than in "No Regulators", cells were not able to achieve filaments of desired size (exhibited by "WT"). On other hand, FH and profilin both together were added in the system was able to optimize the 3 0 7
Degradation of ADF
dynamics of filament growth, nucleation, and elongation that was similar to "WT" variant 3 0 8
( Figure 3A ).
Thus, we predicts a strong interplay between FH and profiling, which synergistically
maximizes the outcomes by optimizing treadmill dynamics. The ADF and CAP both catalyze the nucleotide exchange on actin monomers. However, the ADF also plays an important role in depolymerization of actin monomers )" and "CAP (-)" where ADF and CAP were respectively removed from the "WT". with profilin to form ATP_Actin_Profilin or be converted into ATP_Actin byusing CAP.
The presence of both ATP_Actin_Profilin and ATP_Actin at the same time respectively and robustness to the treadmill by assisting the function of ADF. Whether capping protein help in terminating or promoting elongation has been debated 3 4 2 in a number of reports. This is so because most studies have confirmed its role in In the first treadmill performed in absence of capping protein ("Capping (-)"), the size of 3 5 0 the filaments was increased, the elongation was delayed ( Figure 5A&C ). Interestingly, in binding between capping protein and act in dimers/trimers. were plotted against each treadmill variants. 3 5 8 Figure 6A&C showed no significant difference in filament size and elongation time of the 3 5 9 three consecutive treadmills in "WT" and the variant. However, the nucleation was It appears that the capping protein enables constant nucleation time in the consecutive 3 6 2 treadmills without changing filament size and elongation time thus, suggesting a 3 6 3 strategy to preserve actin dimers and trimers to initiate actin treadmill at any desired In agreement with our results (Figure 7) , It has been shown previously that the 3 9 0 regulation of filament growth should be done in such a way so as to produce actin 3 9 1 filaments on and average of the same size in a broad range of variation in actin 3 9 2 concentration (10, 11). Several cellular processes produce and utilize actin monomers and the amount of actin which can malfunction the treadmill control such as excessive growth of filaments, must be tackled and strategized to maintain the size of the filaments. Using the "WT" model, we deconstructed the treadmill network in a piecewise manner, and elucidated the role of each interaction in dictating constant size of the filaments. We analysed all the interactions involved in the treadmill (data not shown) and found 
